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(54) OFFSET ADJUSTING DEVICE FOR OPTICAL DISK DEVICE 

(57)Abstract: 

PURPOSE: To accurately obtain a tracking error signal and a focus error signal by 
adjusting offset in focus positions corresponding to and different from the surface of 
an optical disk and a data recording surface in the optical disk. 

CONSTITUTION: By means of the detecting signal of a disk detecting switch, an 
optical pickup is disposed in an initial position in case where there are no disks, the 
voltages of a focus error signal FE and a tracking error signal TE are measured and 
the offset value of a table written beforehand in the ROM of a microcomputer is 
outputted to a D/A converter 35 in accordance with the measured voltages. On the 
other hand, in case where there is a disk, a driving voltage is increased by the 
converter 35 considering that an initial position is far from a disk surface and the 
voltage of the signal TE is increased. Then, when data recording surfaces, first and 
second peaks, are detected. D/A values at the time of detecting these are recorded. 
Then, the average value of the two values is outputted and the offsets of the signals 



FE and TE are adjusted. 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This docunnent has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]An offset adjusting device of an optical disk unit characterized by comprising 
the following. 

While detecting a signal played by optical pickup from an optical disc, they are 
detection and the adjustment device which can adjust offset of either a tracking error 
signal or a focus error signal and both sides. 

Move an optical pickup to a focusing direction to an optical disc, and the 1st and 2nd 
focusing positions corresponding to the surface of said optical disc and each data 
recording surface in said optical disc are detected based on a signal detected by said 
detection and adjustment device during this movement, A control means which 
controls said detection and adjustment device by said 1st and 2nd focusing positions 
and a different focusing position that said offset should be adjusted. 

[Claim 2]An offset adjusting device of an optical disk unit characterized by comprising 
the following. 

While detecting a signal played by optical pickup from an optical disc, they are 
detection and the adjustment device which can adjust offset of either a tracking error 
signal or a focus error signal and both sides. 

Move an optical pickup to a focusing direction to an optical disc, and the maximum or 
the minimum of a signal detected by said detection and adjustment device when there 
is least light which returns from a laser diode during this movement at that sensor is 
determined, A control means which controls said detection and adjustment device 
that said offset should be adjusted based on this maximum or minimum. 



[Claim 3]An offset adjusting device of an optical disk unit characterized by comprising 
the following. 

While detecting a signal played by optical pickup from an optical disc, they are 
detection and the adjustment device which can adjust offset of either a tracking error 
signal or a focus error signal and both sides. 

A control means which controls said detection and adjustment device that laser 
power of said optical pickup should be changed to at least two levels, an absolute term 
of a signal detected by said detection and adjustment device at the time of each level 
and a variable paragraph by a power change should be computed, and said offset 
should be adjusted based on this computed value. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the offset adjusting device which 
adjusts offset of the tracking error signal and focus error signal which are acquired 
from an optical disc. 
[0002] 

[Description of the Prior Art]Generally data to MD (mini disc), PC (phase change type) 
disk, etc. with the information storage playback equipment as an optical disk unit 
recorded and played by a predetermined block time basis. The output power 
(henceforth laser power) of the laser which gives light beam spot to a disk at the time 
of record is adjusted to two or more steps in all at the wattage specified by a disk. 
Laser power is made variable in two or more steps to the disk [ several kinds 
(PURIMASUTADO and MO) ] with which reflectance differs at the time of playback, 
and offset is adjusted, whenever it switches a gain and performs this change, in order 
to make regenerated light proper. In this case, offset of a tracking error signal or a 
focus error signal must be correctly adjusted in consideration of compatibility with 
other devices. 

[0003]In order to acquire an exact tracking error signal and focus error signal, the 
offset voltage by the circuit or an optical system must be adjusted in "the state where 
there is no signal." As a conventional method of adjusting this offset, the state where 
it does not energize to the focus coil and tracking coil of an optical pickup is changed 
into "the state where there is no signal", and the method of canceling offset of a 
tracking error signal or a focus error signal in this state is known. 
[0004] 

[Problem(s) to be Solved by the Invention] However, since the state where it does not 



energize to the focus coil and tracking coil of an optical pickup by how an optical disk 
unit is placed to the ground in a described method may not be in "a state without a 
signal" actually. There is the 1st problem that an exact tracking error signal or focus 
error signal cannot be acquired, therefore the best data signal cannot be acquired at 
the time of reproduction and writing. Especially, by CD or the disk of MD. when the 
thickness to a disk surface is about 1.2 mm and a lens falls by about 1.2 mm to a disk 
to a disk signal side in prudence of an actuator, the catoptric light from a disk signal 
side may return and detect. 

[0005]The 1.2mm**0.1mm variation of the thickness to a disk surface. When the 
physical relationship of an optical pickup and a disk suits by the backlash of the axis of 
the spindle motor for fixing the face deflection of a disk, and a disk and a focus suits 
for variations and these reasons about 0.4 mm, offset cannot be adjusted correctly. It 
is going to constitute a device cheaply, if NA (numerical aperture) is enlarged noting 
that the variation in a mechanism will become large or will raise storage density, a 
focal distance will become small, and adjusting increasingly in a fixed position becomes 
difficult. 

[0006] As the 2nd problem, when laser power differs, there is a problem that the offset 
containing a stray light component cannot be adjusted. For example, the signals E and 
F for detecting tracking error signal TE (=E-F), when an optical pickup generates 
tracking error signal TE with astigmatic method are considering x as a function of 
laser power. [0007] 

[Equation 1]E=axsin omega t+bl F=axsin+(omega t+pi) b2 E-F=axsin omega 
t+b1-{axsin+(omega t+pi) b2l 

= 2axsin omegat+b1-b2 [0008]A next door and the above-mentioned absolute term 
(b1-b2) become fixed when laser power is constant. However, when laser power 
differs[0009] 
[Equation 2] 

E=axsin omega t+bl x+cl F=axsin+(omega t+pi) b2 x+c2 E-F=axsin omegat+blx+cl - 

{axsin+(omega t+pi) b2 x+c2l 

= 2axsin omegat+(b1-b2) x+c1-c2 — (1) 

[001 0]A next door, and the stray light component and constant (c1-c2) which are the 
function (b1-b2) x of x exist. The signal A, B, and C for detecting focus error signal FE 
(= A+C-B-D) and D, [0011] 

[Equation 3]A=axsin omega t+bl B=axsin+(omega t+pi) b2 C=axsin omega 
t+b3D=axsin+(omega t+pi) b4 A+C-B-D=4axsin omegat+ (b1+b3-b2-b4) 
[001 2]A next door and the above-mentioned absolute term (bl+b3-b2-b4) become 
fixed when laser power is constant. However, when laser power differs [001 3] 
[Equation 4]A=axsin omega t+bl x+cl B=axsin+(omega t+pi) b2 x+c2 C=axsin omega 
t+b3 x+c3D=axsin+(omega t+pi) b4 x+c4 A+C-B-D=4axsin omegat+(b1+b3-b2-b4) 
x+c1+c3-c2-c4 [001 4]A next door, and the stray light component and constant 



(c1+c3-c2-c4) which are the function (b1+b3-b2-b4) x of x exist. This problem 
becomes remarkable when an optical pickup is a hologram method. An object of this 
invention is to provide the offset adjusting device in the optical disc which can acquire 
an exact tracking error signal and focus error signal, therefore can acquire the best 
data signal at the time of playback and writing in view of the above-mentioned 
conventional problem. 
[0015] 

[Means for Solving the Problem]He is trying for this invention to adjust offset to 
achieve the above objects in the 1st and 2nd focusing positions to the surface of an 
optical disc, and a data recording surface in an optical disc, and a different focusing 
position, respectively. Namely, while detecting a signal played by optical pickup from 
an optical disc according to this invention, On the other hand, a tracking error signal 
and a focus error signal Or detection and an adjustment device which can adjust both 
offset. Move an optical pickup to a focusing direction to an optical disc, and the 1st 
and 2nd focusing positions corresponding to the surface of said optical disc and each 
data recording surface in said optical disc are detected based on a signal detected by 
said detection and adjustment device during this movement, An offset adjusting 
device of an optical disk unit which has a control means which controls said detection 
and adjustment device is provided that said offset should be adjusted in said 1st and 
2nd focusing positions and a different focusing position. 

[0016]He is trying for this invention to adjust offset based on the maximum or the 
minimum of a signal detected when there is least light which returns from a laser diode 
to the sensor again. Namely, while detecting a signal played by optical pickup from an 
optical disc according to this invention. On the other hand, a tracking error signal and 
a focus error signal Or detection and an adjustment device which can adjust both 
offset, Move an optical pickup to a focusing direction to an optical disc, and the 
maximum or the minimum of a signal detected by said detection and adjustment 
device when there is least light which returns from a laser diode during this movement 
at that sensor is determined, An offset adjusting device of an optical disk unit which 
has a control means which controls said detection and adjustment device that said 
offset should be adjusted based on this maximum or minimum is provided. 
[0017]He is trying for this invention to adjust offset with an absolute term of a signal 
detected at the time of laser power of at least two levels, and a variable paragraph by 
a power change again. Namely, while detecting a signal played by optical pickup from 
an optical disc according to this invention. On the other hand, a tracking error signal 
and a focus error signal Or detection and an adjustment device which can adjust both 
offset, Laser power of said optical pickup is changed to at least two levels. An 
absolute term of a signal detected by said detection and adjustment device at the 
time of each level and a variable paragraph by a power change are computed, and an 
offset adjusting device of an optical disk unit which has a control means which 



controls said detection and adjustment device that said offset should be adjusted 

based on this computed value is provided. 

[0018] 

[Function]In this invention, since offset is adjusted in the 1st and 2nd focusing 
positions corresponding to an optical disk surface and each data recording surface, 
and a different focusing position, offset by the circuit or an optical system is adjusted 
with "the state where there is no signal." Therefore, an exact tracking error signal and 
focus error signal can be acquired, and, as a result, the best data signal can be 
acquired at the time of reproduction and writing. 

[0019]In this invention, since offset is adjusted based on the maximum or the minimum 
of a signal detected when there is least light which returns from a laser diode to the 
sensor, offset by the circuit or an optical system is adjusted with "the state where 
there is no signal." Therefore, an exact tracking error signal and focus error signal can 
be acquired, and, as a result, the best data signal can be acquired at the time of 
reproduction and writing. 

[0020] Since offset is adjusted with the absolute term (offset of a sensor and a circuit) 
of the signal detected by the laser power of at least two levels, respectively, and the 
variable paragraph (stray light component) by a power change in this invention. Also 
when laser power differs, offset can be adjusted, therefore an exact tracking error 
signal and focus error signal can be acquired, and, as a result, the best data signal can 
be acquired at the time of reproduction and writing. 
[0021] 

[Example] Hereafter, the example of this invention is described with reference to 
drawings. The block diagram showing MD recorder as an optical disk unit with which 
the offset adjusting device which drawing 1 requires for this invention was applied, the 
block diagram in which drawing 2 shows the preamplifier of drawing 1 , and drawing 3 
are the explanatory views showing the focal current and reflected light quantity of an 
optical pickup of drawing 1 . 

[0022]In drawing 1 , the bibliographic information of a predetermined format, speech 
information, and video information are optically recorded and played by the disk 1 by 
the optical pickup 2 to the track spirally formed toward the periphery from inner 
circumference. This disk 1 rotates by CLV (constant linear velocity) based on the 
signal played by the optical pickup 2 by the spindle motor 3, and the Motor Driver / 
tracking focus control circuit 4 from the disk 1. The optical pickup 2 has the 
superposed apparatus 5 and the traverse motor 6. and operates by the magnetic field 
modulation head 7 and one. 

[0023]The optical pickup 2 has again laser diode LD which emits a laser beam to the 
disk 1 , Signal RF1 which played the optical information recorded on the disk 1 based 
on the catoptric light, and RF2 are outputted, or two kinds of signals E and F for 
tracking error signal detection by signal A-D for focus error signal detection and the 3 



beam method from the quadrisection sensor by astigmatic method are outputted. 
These signal RF1. RF2. and A-F are amplified by the head amplifier 8, and are 
outputted to the preamplifier 9 which operates as detection and an adjustment device. 
The signal for driving laser diode LD in the optical pickup 2 from the preamplifier 9 to 
the head amplifier 8 is impressed. 

[0024]The preamplifier 9 outputs the reproduced EFM signal, an ADIP signal, the 
focus error signal FEO. the tracking error signal TEO, etc. to an EFM strange recovery 
/ error correction / ADIP (address yne pregroove) / servo circuit 10. The servo 
circuit of this circuit 10 comprises a DSP (digital signal processor). 
[0025] Record data is coded at the time of record, it becomes irregular to an EFM 
signal, and an EFM strange recovery / error correction / ADIP / servo circuit 10 is 
outputted to the head 7 via the driver 7a. An EFM strange recovery / error correction 
/ ADIP / servo circuit 10 restores to the EFM signal from the preamplifier 9 at the 
time of reproduction, and carries out error correction decryption, and again, based on 
the focus error signal FEO and the tracking error signal TEO, the optical pickup 2 
receives the track of the disk 1 — tracking — and it controls via Motor Driver / 
tracking focus control circuit 4 to carry out focusing. 

[0026]The microcomputer 11 is written in, sometimes, moves the optical pickup 2 
near the most inner circumference of the disk 1 (TOC:Table Of Contents and 
UTOC:User Table Of Contents), and reads required ID information. 
[0027] A/D converter 11a with which the microcomputer 11 incorporates various 
signal A-F from the preamplifier 9, FEO. TEO, etc.. Laser diode LD in the optical 
pickup 2 For example. PWM part lib for driving by the signal according to a 12-bit 
PWM signal, and controlling the output power of laser diode LD. It has RAMllc of 
business, such as a work area. R0M1 Id of business, such as a program, CPU1 le that 
performs control which is mentioned later, etc., and these circuits 11a-11e are 
connected via the bus 11f. RAMllc has the area for memorizing measurement data 
etc.. in order to perform offset control which CPU1 le mentions later. The PWM signal 
from PWM part lib is changed into DC voltage by the low pass filter (LPF) 12, and 
laser diode LD in the optical pickup 2 drives it via the preamplifier 9 and the head 
amplifier 8. 

[0028] Next, with reference to drawing 2 , the preamplifier 9 is explained in detail. First, 
to signal A-D for detecting focus error signal FE of the quadrisection sensor (graphic 
display abbreviation) by the astigmatic method in the optical pickup 2, respectively, 
I/V conversion is carried out, while each balance adjustment value outputted via D/A 
converter 35 from the microcomputer 1 1 is added by the adding machines 31A-31D 
and the balance of signal A-D is adjusted. Output signal A-D of the adding machines 
31 A-31D is impressed to the computing unit 32F. and a focus error signal is generated 
based on a computing equation (A+C-B-D). and. subsequently Subsequently, this 
focus error signal. The offset adjusting value similarly outputted via D/A converter 35 



from the microcomputer 1 1 is added by the adding machine 33F. offset is adjusted, 
and it is outputted as a focus error signal FE. 

[0029]The signal E for detecting tracking error signal TE by the 3 beam method in the 
optical pickup 2. I/V conversion is carried out, while each balance adjustment value 
outputted via D/A converter 35 from the microcomputer 11 is added to F by the 
adding machines 31 E and 31 F. respectively and the balance of the signals E and F is 
adjusted. The output signals E and F of the adding machines 31 E and 31 F are 
impressed to the subtracter 32T, and a tracking error signal is generated based on a 
computing equation (E-F). and, subsequently Subsequently, this tracking error signal, 
The offset adjusting value similarly outputted via D/A converter 35 from the 
microcomputer 1 1 is added by the adding machine 33T, offset is adjusted, and it is 
outputted as tracking error signal TE. 

[0030]Eight signals of each output signal A-F of the adding machines 31A-31F, and 
focus error signal FE and tracking error signal TE are changed into a digital value by 
A/D converter 11a, Focus error signal FE, each balance of tracking error signal TE, 
and offset are adjusted so that it may mention later with the microcomputer 1 1, and 
each adjustment value is impressed to the adding machines 31A-31F, 33F, and 33T 
via D/A converter 35. 

[0031] Drawing 3 shows the optical pickup (PU) 2, the distance between the disks 1, 
and the relation of reflected light quantity, and if focal current increases, it is shown 
that the optical pickup (PU) 2 approaches the disk 1 . If the initial position of a focus 
varies like the position of ZO and Z1 which are shown in drawing 3 . and Z2 when the 
value measured in the position Z5 in drawing 3 is original offset only by the circuit and 
an optical system. In the position Z1. the signal of a disk surface cannot be gathered, 
and it cannot focus in the position ZO. Z2. and Z4 to the non-transparent area 
between polycarbonate resin of the disk 1 near the disk surface, etc., and original 
measurement cannot be performed. 

[0032]So, in this example, before starting the spindle motor 3, the current 
corresponding to Zthe position ZO shown in drawing 3 . Z1, or 2 is made into an initial 
value, He makes it increase in the direction which approaches a disk to the focal 
actuator coil of the optical pickup 2 gradually, and is trying to impress focal current to 
it. 

[0033]Next, the offset control in the 1st example is explained. First, when there is no 
disk by the detecting signal of a disk detecting switch. The optical pickup 2 is arranged 
to an initial position, each voltage of focus error signal FE and tracking error signal TE 
is measured, and the offset value of the table currently beforehand written in R0M1 Id 
is outputted to D/A converter 35 according to measurement voltage. 
[0034]On the other hand, when there is a disk, whenever it increases focal current 
and increases by increasing drive voltage with D/A converter 35 noting that it is in a 
position with an initial position far from left-hand side [ position / ZO / which is shown 



in drawing 3 ] , i.e., a disc face, the voltage of tracking error signal TE is incorporated 
one by one. And if the surface of the disk which is the 1st peak is detected with a 
predetermined threshold as shown in drawing 3 , If the D/A value (DAI) of the drive 
voltage at the time of this detection is memorized and the data recording surface in 
the disk which is subsequently the 2nd peak is detected with a predetermined 
threshold, the D/A value at the time of this detection (DA2) will be memorized. 
[0035] Subsequently, (DA1+DA2) / 2 are calculated from these two values, this is 
outputted. it moves near [ position Z4 ] the center shown in drawing 3 , and each offset 
of focus error signal FE and tracking error signal TE is adjusted. Adjustment of offset 
Focus error signal FE and tracking error signal TE, A, B, C, D, E, and F — each voltage 
is measured and it carries out by outputting the offset value currently beforehand 
written in R0M1 Id so that each of this voltage may turn into reference voltage via 
D/A converter 35. It is a range permitted although the voltage of the position Z4 has a 
returned light ingredient to original offset in the example shown in drawing 3 somewhat. 
[0036] Next, the offset control in the 2nd - the 5th example of this invention is 
explained. Since operation in case there is no disk in the 2nd - the 5th example is the 
same as that of the 1st example, explanation is omitted. First, in the 2nd example, like 
[ when there is a disk ] the 1 st example, Whenever it increases focal current for drive 
voltage with D/A converter 35 noting that it is in a position with an initial position far 
from left-hand side [ position / ZO / which is shown in drawing 3 ] , i.e., a disc face, the 
voltage of tracking error signal TE is incorporated one by one. If the disk surface 
which is the 1st peak is detected with a predetermined threshold as shown in drawing 
3. voltage DAI of D/A converter 35 at the time of this detection will be memorized, 
and if the data recording surface which is subsequently the 2nd peak is detected with 
a predetermined threshold, voltage DA2 of D/A converter 35 at the time of this 
detection will be memorized. 

[0037]And offset predetermined to the position near [ peak / 2nd / that is shown in 
drawing 3 f rom these two values in this 2nd example ] a data recording surface, For 
example, DA2+ (DA2-DA1) / 2 are impressed, it moves to the position Z5, and each 
offset of focus error signal FE, the tracking error signals TE and A, B, C, D and E, and 
F is adjusted in the position Z5. Although time and current until it makes it move to 
the position Z5 shown in drawing 3 increase, exact offset can be measured for the 
position which does not carry out image formation by any means. 
[0038] Noting that an initial position does not understand whether it is in the position 
of the position ZO shown in drawing 3 , Z1, and Z2 throat, when there is [ the 3rd 
example ] a disk. Whenever it increases focal current, the voltage of tracking error 
signal TE is incorporated one by one, If a data recording surface is detected with a 
predetermined threshold and DA value of that position is set to DAI . from a data 
recording surface, the predetermined offset a (a is - constant value) will be added to 
the position near a disk (=DA1+a). it will move to the position Z5. and each offset will 



be adjusted in this position Z5. 

[0039]In the 4th example, first, like the 3rd example, whenever it increases focal 
current, the voltage of tracking error signal TE is incorporated one by one. noting that 
an initial position does not understand whether it is in the position of the position ZO 
shown in drawing 3 , Z1. and Z2 throat, when there is a disk. And in this 4th example, if 
a data recording surface is detected with a predetermined threshold, from a data 
recording surface, predetermined offset (- a) will be added to a far position (DAI) (= 
DAI -a), it will move to the position Z4, and each offset will be adjusted in this position 
Z4. 

[0040]In the 5th example, first, like the 3rd and 4th examples, when there is a disk, 
suppose that there is no telling whether an initial position is in the position of the 
position ZO shown in drawing 3 , Z1, and Z2 throat, and focal current is made to 
increase gradually, and the voltage of tracking error signal TE is incorporated one by 
one. And in this 5th example, if a data recording surface is detected with a 
predetermined threshold in order to apply a servo at the center of S curve of focus 
error signal FE, a focus servo will be made one. And if it positions at the center of S 
curve of focus error signal FE, average value DA1 of the D/A value of the drive 
voltage in this position will be calculated. Subsequently, a focus servo is turned OFF. 
it moves to the position Z4 far from a data recording surface, or the near position Z5 
(=DA1-"a or =DA1+a). and each offset is adjusted in these position Z4 or Z5. 
[0041] According to the above 1st - the 5th example, from the data recording surface 
which is not a disk surface, move to the far position Z4 or the near position Z5. and 
Therefore, focus error signal FE and tracking error signal TE. In addition, since each 
offset of A, B. G. D. E. and F is adjusted, an exact tracking error signal and focus error 
signal can be acquired, therefore the best data signal can be acquired at the time of 
reproduction and writing. 

[0042]Although laser power was fixed and was explained by the above-mentioned 
adjusting operation. Whenever laser power changes, it may be made to adjust offset, 
since offset changes at the time of reproduction of 0.25 mW and MO field at the time 
of reproduction of a ROM area in the case of MD whenever laser power changes like 
0.5 mW and 5 mW, respectively at the time of record as shown in drawing 3 . 
[0043] Next, the 6th example of this invention is described. By the way, since all the 
signal A-F for detection except focus error signal FE and tracking error signal TE is 
added in the direction of + in drawing 3 from the offset which should have 
unnecessary offset essentially, the minimum serves as desired offset. In the circuit 
where signal A-F is reversed, since unnecessary offset is added in the direction of - 
from the offset which should exist essentially, if the maximum serves as desired offset 
and puts in another way. this minimum or maximum will be a value when there is least 
light which returns from laser diode LD to that sensor. 

[0044]In the 6th example, first, since operation in case there is no disk is the same as 



that of the 1 st - the 5th example, explanation is omitted. Noting that there is no telling 
whether to be in the position ZO shown in drawing 3 - the position of Z5 throat, when 
there is a disk. It controls so that the optical pickup 2 goes and comes back to the 
range of the positions Z0-Z5 by the triangular waveform which decreases to linear 
shape after increasing focal current to linear shape, where a focus servo is turned 
OFF, Although signal A-F, TE, FE. or a circuit in the meantime is not illustrated, it is a 
fixed sampling period about A+C, B+D, etc.. and it incorporates and measures A/D 
converter 1 1 a by tens of places from several places of the equivalent position of the 
range of the positions Z0-Z5. 

[0045]And linear shape current is outputted with D/A converter 35 of a driver at ten 
places (0, 20, 40, 60, 80, 100, 120, 140, and 160 or 180 mA), In the position of each 
current value, at 0 mA A, B, C, D, E, F, Shall carry out the A/D conversion of TE. the 
FE, etc. in short time, A1, B1, CI, D1, El, F1, TE1, and FE1 shall be 1 block, and it 
memorizes to RAM, Next, shall use 20 mA. A2. B-2. C2, D2, E2, F2, TE2, and FE2 shall 
be 2 blocks similarly, and it memorizes to RAM, This is repeated, it memorizes to 180 
mA. one block with which all the values of A, B, C, D, E, and F serve as the minimum is 
compared and extracted out of each block from this memory value, and this is 
considered as offset of the purpose of A, B, C, D, E, F, TE, and FE. it is carried out with 
it being alike, respectively, and receiving and outputting the D/A value determined by 
the table beforehand written in ROM so that it may correspond to the value of each of 
this A. B. C, D, E, F, TE, and FE and may become predetermined reference voltage 
about that value. 

[0046]Therefore. since offset is adjusted in this 6th example using a value when there 
is least light which returns from laser diode LD to that sensor, An exact tracking error 
signal and focus error signal can be acquired, therefore the best data signal can be 
acquired at the time of reproduction and writing. 

[0047]The offset said here includes offset of a photosensor itself [ in the optical 
pickup 2 ], offset of the circuit to a measuring circuit as shown in drawing 2 , and the 
offset as the stray light which is returned light unnecessary from laser diode LD in the 
optical pickup 2. Therefore, since offset changes at the time of reproduction of 0.25 
mW and MO field at the time of reproduction of a ROM area in the case of MD 
whenever laser power changes like 0.5 mW and 5 mW, respectively at the time of 
record as shown in drawing 3 . It may be made to adjust offset whenever laser power 
changes. 

[0048]Next, the 7th example of this invention is described. Since the optical pickup 2 
is moved to a focusing direction in the above 1st - the 6th example, there is a 
possibility of the optical pickup 2 colliding with the disk 1 by offset by prudence, and 
attaching a crack to the optical pickup 2 or the disk 1 . Although image formation is 
carried out to a data recording surface in the position Z6 shown in the design above 
figure 3 , In the state where the optical pickup 2 is located under the disk 1 with 



prudence of the optical pickup 2 as shown in drawing 1 , the position ZO of the one 
distant from the disk 1 turns into an image formation position, and where another side 
and a portable device are placed conversely, the near position Z7 turns into an image 
formation position from the disk 1. Therefore, in the case of the former (it is image 
formation at the position ZO). it is satisfactory, but in the case of the latter (it is image 
formation at the position Z7), the problem of the above-mentioned collision occurs. 
[0049]Then. he is trying to prevent the problem of the above-mentioned collision in 
the 7th example by making laser power smaller than OFF or the usual reproduction 
power, and adjusting offset. When concrete operation is explained, irrespective of a 
disk detecting signal, fix the optical pickup 2 to an initial position, and laser power The 
minimum, It is set as 0.25 mW of 0.05 mW or OFF of 1/5 at the time of playing the 
ROM area of the disk 1, and signal A-F, TE, FE or A+C, B+D. etc. are repeated tens 
times with a fixed sampling period, and A/D converter 11a is incorporated and 
measured. 

[0050]The offset value currently beforehand written in ROM1 1d so that the average 
value of this measured value may be computed about each signal and each voltage of 
focus error signal FE and tracking error signal TE may turn into reference voltage via 
D/A converter 35 And the signals A-F, TE, It outputs to each adding machines 
31A-31F, 33F. and 33T for FE. 

[0051] As mentioned above, with the offset said here Offset of a photosensor itself [ in 
the optical pickup 2 ], Since offset of the circuit to a measuring circuit as shown in 
drawing 2 , and the offset as the stray light which is returned light unnecessary from 
laser diode LD in the optical pickup 2 are included. In this 2nd example, irrespective of 
the direction of the optical pickup 2, other two offset is stabilized and the offset as 
the stray light can measure it, although it cannot measure. Offset just amends other 
two offset by the sufficiently large optical pickup 2 to the stray light. Since this 
method is stable, there is no error of measurement compared with the 1 st - the 6th 
example, accuracy may be raised, and measuring time is substantially short, and also 
does not need to judge a disk detecting signal. 

[0052]Next, the 8th example of this invention is described with reference to drawing 4 
and drawing 5 . As shown in drawing 4 , when laser power differs, first, each 
above-mentioned detecting-signal A-F, As the levels of A+Q-B-D (FE) and E-F (TE) 
differ and it is shown in a formula (1), tracking error signal TE has the stray light 
component and constant (c1-c2) which are the function (b1-b2) x of x. As shown in 
drawing 5 , b paragraph shown in a formula (1) is proportional to the laser power x, and 
c paragraph is constant irrespective of the laser power x. 

[0053]And when playing first the TOG area which is an MO field of MD (disk 1), the 
state where current is not sent is made a focus coil with an initial position, and the 
laser power x is set as 0.25 mW (=A), and the tracking offset Z1 is measured and 
memorized in this state. 



[0054] 

[Equation 5]E-F=(bl-b2) A+cl-c2=Z1 (measured value) 

[0055] Next, when reproducing the data area which is an MO field, the laser power x is 
set as 0.5 mW (=B), and the tracking offset Z2 is measured and memorized in this 
state. 
[0056] 

[Equation 6]E-F=(b1-b2) B+cl-c2=Z2 (measured value) 

From these two simultaneous equations to b1-b2=(Z1-Z2)/(A-B) 

c1-c2=(AZ2-BZ1)/(A-B) 

It is E-F=(b1-b2) x+c1-c2=(Z1-Z2) x/(A-B)+(AZ2-BZ1)/(A-B) by the next door and 
this formula. 

[0057]It can carry out. Therefore, when the laser power x is changed, tracking offset 
can be calculated by measuring this above-mentioned value Z1 and Z2. The offset 
value of the table currently beforehand written in ROM11d is outputted so that an 
offset value may turn into a reference value, in adjusting this offset. Next, the case 
where offset of focus error signal FE is adjusted is explained. First, it is the same as 
that of tracking error signal TE. [0058] 

[Equation 7]A=axsin omega t+bl x+cl B=axsin+(omega t+pi) b2 x+c2 C=axsin omega 
t+b3 x+c3D=axsin+(omega t+pi) b4 x+c4 A+C-B-D=4axsin omegat+(b1+b3-b2--b4) 
x+c1+c3-c2-c4 [0059]It carries out. And when reproducing first the TOG area which 
is an MO field of MD, the state where current is not sent is made a focus coil with an 
initial position, and the laser power x is set as 0.25 mW (=A), and the focal offset Z1 is 
measured and memorized in this state. 
[0060] 

[Equation 8]A+C-B-D=(b1+b3-b2-b4) A+c1+c3-c2-c4=Z1 (measured value) 
[0061]Next, when reproducing the data area which is an MO field, the laser power x is 
set as 0.5 mW (=B). and the focal offset Z2 is measured and memorized in this state. 
[0062] 

[Equation 9]A+C-B-D=(b1+b3-b2-b4) B+c1+c3-c2-c4=Z2 (measured value) 
From these two simultaneous equations to b1+b3-b2-b4=(Z1-Z2)/(A-B) 
c1 +c3-c2-c4=(AZ2-BZ1 )/(A-B) 

It is A+C-B-D=(b1+b3-b2-b4) x+c1+c3-c2-c4=(Z1-Z2) x/(A-B)+(AZ2-BZ1)/(A-B) 
by the next door and this formula. 

[0063]It can carry out. Therefore, when the laser power x is changed, focal offset can 
be calculated by measuring this above-mentioned value Z1 and Z2. The offset value of 
the table currently beforehand written in R0M1 Id is outputted so that an offset value 
may turn into a reference value, in adjusting this offset. 

[0064]Next, the 9th example of this invention is described. First, in adjusting tracking 
offset, it makes a focus coil the state where current is not sent, with an initial position, 
and laser power is turned OFF (x= 0), and the tracking offset Z1 is measured and 



memorized in tiiis state. 
[0065] 

[Equation 10]E-F=c1-c2=Z1 (measured value) 

[0066] Next when reproducing the data area which is an MO field, the laser power x is 
set as 0.5 mW (=B), and the tracking offset Z2 is measured and memorized in this 
state. 
[0067] 

[Equation 1 l]E-F=(b1-b2) B+c1-c2=Z2 (measured value) 

It is set to b1-b2=(Z2-Z1)/Bc1-c2=Z1 from these two simultaneous equations, and is 
E-F=(b1-b2) x+c1-c2=(Z2-Z1) x/B+ZI by this equation. [0068]It can carry out. 
Therefore, when the laser power x is changed, tracking offset can be calculated by 
measuring this above-mentioned value Z1 and Z2. Next, the operation which adjusts 
focal offset in the 9th example is explained. The state where current is not sent is 
made a focus coil with an initial position, and laser power is turned OFF (x= 0), and the 
focus Z1 is measured and memorized in this state. 
[0069] 

[Equation 1 2]A+C-B-D=c1+c3-c2-c4=Z1 (measured value) 

[0070]Next, when reproducing the data area which is an MO field, the laser power x is 
set as 0.5 mW (=B). and the focal offset Z2 is measured and memorized in this state. 
[0071] 

[Equation 13]A+C-B-D=(bl+b3-b2-b4) B+c1+c3-c2-c4=Z2 (measured value) 
It is set to b1+b3-b2-b4=(Z1-Z2)/Bc1+c3-c2-c4=Zl from these two simultaneous 
equations, and is A+0-B-D=(b1+b3-b2-b4) x+c1+c3-c2-c4=(Z1-Z2) x/B+ZI by this 
equation. [0072]It can carry out. Therefore, when the laser power x is changed, focal 
offset can be calculated by measuring this above-mentioned value Z1 and Z2. In 
adjusting offset, it outputs the offset value of the table currently beforehand written in 
ROM1 Id so that an offset value may turn into a reference value. 

[0073]Although the above 1 st - the 9th example explained the case where focal offset 
and tracking offset were adjusted by detecting focus error signal FE (= A+Q-B-D) and 
tracking error signal TE (= E-F), The signal which could use any of eight signal A-F. TE, 
and FE, and was combined like the sum signal of A+C and B+D may be used. Offset 
control is driven in instead of using the table currently beforehand written in ROM1 Id, 
and it may be made to perform it by adjustment, and it changes a PWM signal into DC 
voltage instead of D/A converter 35, and it may be made to impress it to the adding 
machines 32F and 32T. 

[0074]In the 8th and 9th examples, the laser power x 0 mW (OFF), Offset can be 
adjusted even if it does not set it as 5 mW at the time of record of MO field, etc. by 
having set it as 0.25 mW (at the time of reproduction of a TOG area), and 0.5 mW (at 
the time of reproduction of a data area). Usually, there is also no risk of eliminating 
required data by the method of taking out and carrying out offset control of the 5 mW, 



and there is also a merit which measurement ends for a short time. The 
above-mentioned computing equation is an example, and instead of simplifying and 
calculating, it switches a table and it may be made to use it. 
[0075] 

[Effect of the Invention]As explained above, in this invention, offset is adjusted in the 
1st and 2nd focusing positions corresponding to the surface of an optical disc, and 
each data recording surface in an optical disc, and a different focusing position. 
Therefore, offset by the circuit or an optical system can be adjusted in "the state 
where there is no original unnecessary signal", therefore an exact tracking error signal 
and focus error signal can be acquired, and, as a result, the best data signal can be 
acquired at the time of reproduction and writing. 

[0076]In this invention, since offset is adjusted based on the maximum or the minimum 
of a signal detected when there is least light which returns from a laser diode to the 
sensor, offset by the circuit or an optical system is adjusted with "the state where 
there is no signal." Therefore, an exact tracking error signal and focus error signal can 
be acquired, and, as a result, the best data signal can be acquired at the time of 
reproduction and writing. 

[0077]Since offset is adjusted with the absolute term of the signal detected by the 
laser power of at least two levels, respectively, and the variable paragraph by a power 
change in this invention. Also when laser power differs, offset can be adjusted, 
therefore an exact tracking error signal and focus error signal can be acquired, and, as 
a result, the best data signal can be acquired at the time of reproduction and writing. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a block diagram showing MD recorder with which the offset adjusting 
device of this invention was applied. 

[Drawing 2] It is a block diagram showing the preamplifier of drawing 1 . 

[Drawing 3] It is an explanatory view showing the relation between focal current and 

reflected light quantity. 

[Drawing 4] It is an explanatory view showing the relation between laser power and 
various detecting-signal levels. 

[Drawing 5] It is an explanatory view showing the absolute term in a detecting signal, 
and the variable paragraph by a power change. 
[Description of Notations] 
1 Disk 



2 Optical pickup 

9 Preamplifier (detection and adjustment device) 
1 1 Microcomputer (control means) 
31A-31F, 33F, and 33T Adding machine 
32F and 32T Computing unit 
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n> i^v^Tc:cD:7;t— ;^fXxv— {S^i:. [Hii;<x'^n 
y\ 1 *^?,D/A^^gg3 5^:n-LTm;'3^?ni.:t7-b 
>y F8l«iI;b^jtiPS^3 3 Etc J: t»]&P»?tiT;t7-fe-y F 
*^ilM^n. 7*-:^Xxv-ffi^F E i:LT(H;':*n 

'So 

[0 0 2 9] ^fcs 7ttf<yi'7'-y7°2[^li:*3lt-i)3 e — 
AjS{cJ;§ F^>y + i/yx^— E^^m-rSfc* 
cDM^E. Ftcti^n^n. v-rn^i 1*^5)D/A^ 
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^3 5^/fLTmtl^n^#''^'^>X^Mffl*^i(l»gg 
3 1 E. 3 1 FlCiiOtan-^tlZm^E. FCD>"?^yX 

3 1 E. 3 1 F©ffi±(M^E. F*^Wg§3 ZTicmtU 

-^nxmw^ (E-F) ^ca■i5v^T^•7>y^><>"x^— 

t. mi:<-r^ay 1 1 A^5.D/A^5^t§3 
mf}-Stx^:ty^'y hPfiffiA^j!/P»§H3 3 TtcJ;D*P^ 

T E i: LTm;b^ti5„ 

[0 0 3 0] ^fc. ftn»§§3 1 A~3 1 FCO^mtimW 
^— fi^T EODSffitD^^A^A/D^SSggl 1 a{C<}:t» 

^icyii—tixm'y—m^F E i: h^-y^^^^'x^— ffl 

EcD#/^^>Xi::t7-b-y hA^IS^^n. 
3b^D/A^^g§3 5^/^LTi!)qWgg3 1 A~3 1 F. 3 
3F. 3 3 Tti:9l*n^tl§c 

[0 0 3 1] HSli^ttf -y ^'T>y:/ (PU) 2 fcr'^X 

X«j^*^fi*n-r?>i:>tt^'y^7'-y:^ (PU) Zif^'f^X 
ncia-:3< dt^^LTV^So ia3(C*3V>Tfi[«Z 5 

hT'$.?)iyi-&. >'*-:*x(D*aSB{iiB*'«ig3{c^-rz 

0. Z2. Z 4TiiT-VX^'Sffi5fi{^-^, f'VX^lcD 
[0 0 3 2] ^-CIT'. ^Hfifi^mi, Xl^>H;U^r-^f 

s^iaitj-r^tufc. 0 3{c^-rf4§z 0. zk z2(d 

:/ 2 X r ^ ^ :i X— ^? n ;l/tC)k\f LTx X 

[0 0 3 3] m 1 SISS^iJtc*5tt^:ty-b>y M^M 
{c-s)V^TtJiWr-So 9ct. f-VX^7^^ffix^'>y5=-<D^^m 

^wmiiLmicmmL. v'^-^xx^-m^f e i: 

•y + V^'x^-— fi^T E©&«|±^SiJSb. ^i6R0M 
1 1 d(c«^ii*tiTV>^x--7;l'0:t>'-tr-y MI^W 

[0 0 3 4] m^. 'T^-^^tf^^^^^iz\t. m\tLm 
tm^ \z7f<t\tLm. z 0 J; t) fefflij-r i&t3-5T'-i'x^ffi*^p> 

jiv^'(aKtcW^i:bTF7'i':/«l±^D/A^^#§3 5 
{i:J;f?tiin]-r5<li:{cJ;0:7^-*X«j!ii*iiAPU if 
Ap-rsfttc h^-y^^^'^'x^— B^T EcD«iEE^Iii:^^5J 

T^vx^'ogB^m^cDUffi-ei^m-rsi:, coi^mBt 

<DK^t'-/«£E©D/Afil (DAI) ^lEItU 



MffiT-^mrSi:^ C:©^tii^<DD/Affl (DA 2) ^ 

[0 0 3 5] c:o2o©#[A^p) (da i +D a 

2) y z^^nni^r ctx^mtiL. 03ic^R-r-fe>^o 

fuHZ 4{^atci^K)LTy:t-;!jXx-5— {g^F E h 
^-y + ^yx^-fi^T E^D^:t7-fe^y h^PS-T^o 
:fe*3. ;4-7-fe-y hOlS^ti, 7;^-— ;^JXx^— (g#F E 
i: h^'y + V^^x^— fi^TEt, A. B. C. D. 
E, F^n^~no«JE^S'J^b. ;i©^«JEA'^~S«P«EE 
{c:^§ J;3fc^A6R OM 1 1 d tc»^jASnTV^^:t:7 
■fe>y hffi^D/A^^§g3 5^^>LTm;'3-r5.ci:{<:J; 
Ofrao 55:*5> 03Ji:^-r0!|-T?{±. ■fiBZ 4 ©itEEfi^ 
:7 -t -y h{CjhfbTMt)7l6fi!c^%?.0*\ 

[0 0 3 6] :^{c. *fgBj3C0^2~^5*SS^IJtC*5tt^ 
:t7-tr«y hiig^iJiB^-rSo ^fc. m2~ll5||jMiM{<: 
*3V^Tf^i'X^'Am^^-&Oi!)f'^(ill 1 (D^ss^Jtra^ 

f^v X ^jb^w^^-g-tcti^ 1 (Dmmm t mmic^ wmn 

mtm 3 {c^fffiK Z 0 J: fifijr^tJ^r'i' X ^ffi*^ 
p. V -'(it BfcW 5 i: U T K 5 -r -/Sil ^ D / A ^t^^ 3 

5{cT:7*-*xfl:!^^iii)p-r§^(c h^>y4=->^^x^ 
— fi^T E(D«ffi^jiii^5JDji*.. ^^c, Ei3tc^-rJ; 
3 {en 1 ©tr-^-ea&sx-r x^aB^m^tDEBfflTl^ 

ffi-r5i:<l<0*^|llW®D/A^^§§3 5c?3«ffiD A 1 ^ 

oii8{i-r-^m-r^i:coMWB#©D/A^j^t§3 5(7)« 

]EDA2^IB'lg-r5o 

[0 0 3 7] ^LT, c:©l|2||Sfe^ijT(i:. il(D2-OCD 
ffi ^03 ICTik-r 20g£Dtf— -r — i^^SeSSffifCja 
VMiKfcmS^^^-tr-y ^i|;^{±'DA2+ (DA2- 
DAl) /2*9]iPbTfeBZ StC^IftL, fiiBZSfi: 
t3U>T7;i— ;i5jXX'^— ©^F E t h ^ -y 
m^TEt. A. B. C. D, E. FCD^^y-t-yh^ 

[0 0 3 8] msmmmxit. T^vx^'A^"w?>^^{cti 

l5!]Wfua>b^H 3 iCTj^-mim Z 0 . Z K Z 2 CD HOfeS 

«{c h5>y4^>'^^x5— B^T E©«JE%)i|B^^5iOJZ^ 

A^fi:€:D A 1 il^T i) il'T-^'IB^ffi.t 0 f^V X^fCjfii.^ 
feBlcmSO:^:7-b>y h a (ali-^ffl) ^ifPS (=D 
Al+a) LTiftBZ SfCi^KL. ilOtefiZ 5 (Ct5l/> 

[0 0 3 9] m4mmmxit. 5t-r\ ^3*»ji:iwi« 

tC. 7-V X^A"«W5^^(i:«l5!]WfeeA^0 3 iC^tULm 
ZO. Zl, Z 2£DifCDfiLB(C3fe?>*->t)*-'?.^V^i: L 
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m^T Econm^m^nL^^^tSo ^evr. c com 4 mm 
K.mmj^^m^w.m (dad icp}^m<D:^y-b-y h (- 

a) ^fmW (=DAl-a) LTfiBZ 4 tci^KjU 

[0 0 4 0] ^5*j5ffi^?ij-^-ti, 5fe-r. m3Rzfm4mm 

L.T-r-^IBaSffiA^e.jSv>&HZ 4X«3fiV^teKZ 5tc 
^WlL (=D A 1 - a, X«=D A 1 +a) . CO{4H 

[0 0 4 1] LfcA^^T. ±mm 1 5*sg^jfcj;n 

{f. T^-i'X^SfflTli^V^T'-^ffHilffiJb^e.iav^'feBZ 
4Xti5fii/^'fuHZ Sfc^KiLT^*— ;?7XX'7— 
E h^<y4^>'i^.x^-'fH^T E. ^OftfiA, B. C, 
D. E. Yi<D^:^y^-j V^mmir^(OX\ lEBtjSrhv 

[0 0 4 2] ;&4b\ ±|EPSii!)^^-r-«l^— 

OM^^(DS:^B#}Cli0. 2 5mW. MO^^fDH^ 
B#. ieSiB#fc{±^n-?^"no. SmW^ 5mWtDj;3{i:l^ 

u—*fy'^u-ii^mtt^mK^y-ty h^mmt^^^? 

[0 0 4 3] :^{c. *f893cDll6ll»J^iiB;!-r^o i: 
e:?.-e> |gi3{ct5t/^T:7;d— ;*»xx^— fg-^F e t h-^ 

±x. yfm^j:^y-t>y hti'^^M^^^'^^ty-t-y hJao 

t^^o 'S:*3> {i^A~FA^'S$E^nTl/^§(ali^-et±. 
^S^Jd-7-b'y h*'«**fe5-<*>4-7-fe-y h<t»?-73(Rl 

{cilPt3oTl^§(D-t?a:;^{l*'«BFTM(D^7-fe-y 

D e. ^ ©-b § Tie A^* t '>^</ ^^offi"^ § o 
[0 0 4 4] m6mmmic:)s\,^r. ^t-r^ t^-tx^'*^*! 

i/^^^cDRf'^ti^ 1 -m5mmmtm-x^?>(Dxmm 
^#pis-r-i>o 7^vx^A^"w^J»^ti:«03{i:^-rffiez 

tix'&—t^^yi-yicLrzvmxy*—i:]xmm.^m.mvi 



icmta L ;^c^iti^tttcM'>-r § ^nmmxyt if <y ^ T <y 

7'2*Ma«Z0~Z 5cD«EH%ffi«-r§J;5t<:fiJ®L. 

dOraoM^A — F. TE. F E^V^(i[5]SS{i0;^L^ 
V^/f)^A + C. B + Dl|%— ^<D-9-y7°Uy<>"HffiT% fit 

ez o~z 5<Dmm(Dmmis:iiLm(Dm.timti'^m+tim 
^ra^A/D^mmi i a^mD3i/uTiSiJ^-r?>c, 

[0 0 4 5] ^LT. F^-f/^^OD/ASi^tgS 5T-lt 
0 . 2 0, 4 0. 6 0. 8 0. 1 0 0. 1 
2 0. 1 4 0. 1 6 0. I 8 OmA<D I Otf^^Xiatl 

C. D. E. F. TE. F E^^^SV^BtHO^i-eA/ 
D^j^L. Al. 31. CI. Dl. El. Fl. TE 

1. F E 1 ^ 1 :/n<y^i;LTR AM{cfai«U :^fc2 
OmAfcU ra^lllCA2. B2. C2. D2. E 2. F 

2. TE2. F E 2^2:/n-y^'i: LTR AMfClBM 
L. dtl^ilSOMbT 1 8 OmA^T'Klib. Ccr)H31i 

m^o^n^n<Dyny^(Dfpt^^As b. c. d. 

E. F(D^T<DfiI*^«/hi:^5>^a-y^' lO^&irbgJLT 
aaiL. Cin^A. B. C. D. E. F. TE. FE© 
@6^(D4-:7-tr-y hi:-r?)o dtD-f-n^'ti© A. B. C. 

D. E. F. TE. F E<D^Bfi:?*fSL. t<Dm^^^<0 
aipWroci&Si^tc. 5^«6ROMti:«^iAgnfc:T— 
:/;Wc<J; o T?*4i) enrv^^ D/ Atf ^^n-€n{c^>fL 

[0 0 4 6] X^rciS^-^X. <l<Dm6^i5(SM-e«. !f 
> ^^-x ^ -fS^^ >' * - :^ XX -5 -ffi^^&tS S c: 1 

[0 0 4 7] CC:TW3:t:7-t-y Ffc«, ^tf>y 

^r>yy2F*307t-tr:y<tg#«^a-7-b-y F i:. HZtc^ 
■rj;3^:M^IiIi^*-^©lHl8&©^:7-tr>y Fi:. 7l£tf>y^ 
7'«y:/2l^{C*3V^T U— 1f iJ^-l" F L D *^ O^S* 
M^T^-r-^^jSTtei; L-T©^:7-b>y F^-g-t?o LfcA^-^ 
T. ig3{i:^-r<t5tCMDOtl^. ROM^^(DS^B# 
(C«0. 2 5mW. U0W^(On±n. VSMnKit^tl 

^no. 5mw. 5mw«Dj;5{cix— »f>'^y— *'«^{t:-r 

■r^tt}c:i->'-t:>y V^WM.-t^^oK\^X%,^\^\ 

[0 0 4 8] *^B^iDll7Slfif6fi?!l%UiBa-r«o ± 

mm 1 ~^ 6 HSfiPTtiTt 1^ -y ^T>y:/2^7*-;^7X 
::^[pItc^i[i^-y:?>C)T\ gfifi:<i;^:t:7-tr-y Ftcj; DtK 
tr>y^7'-yy2A'if^VX^ 1 {i:«5§LT^li°>y^'T'y7' 

2-^'r-t'x^' uc^^Mttsfe^nA^feSo */c. latf- 

±H 3 KT^-t^m Z 6 tcfct/^T-r— ^iBStafc^Sat-^ 
7tekf-y^7'-y7°2(DgatcJ;t). 0 1 (c^f j;-5tc 
>teb°-y i7 7'>y^2*'«f-VX^ 1 (Dy\C^SLm.t^m&X^t 

■r-c X ^ 1 e.jav^75r ©ffie z o *^)S#ttB(c^ . fa 
7^. ^>.-iiy)vrs.mmt!^mcmii'nrcimx\t'r^7.^ 
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1 Jb^P.ifiV^fiSZ 7*^lg^ffiStC^Sc, LfcJb^oT, W 

[0 0 4 9] tn-v. mimmm-^iiiy-'^^^'?-^^ 

*^3b^t) ?. -fTt tr ^' T -y -r 2 @^ L T U- 

^CDO. 2 5mWcD5 5i-© 1 (DO. 0 SmW^fcti^t^ 
(C^^L. ft^A-F. TE. FEggl/HiA + C. B + 

D ^^gg 1 1 a t) A.T'S'J^'T 5 o 
[0 0 5 0] ^LT. (I©M^fflWJ^ffl^^«^fCO 

X V -{1^ T E O^affiA'^aPWjBc * S J; 5 fC^i6 R 
OMl 1 dlC«^iA$nTV>5:t:7-fe'y Hi:&D/A^ 
^g§3 5^/t-LT{f^A~F. TE. F EfflO&jbP»g§ 
3 1 A~3 1 F. 3 3F. 3 3 T tCttJ^'j^r i)o 

[0 0 5 1] ^ib\ c:i:Ts3*7-tr>y hfcti, SffiEL 
rc J; {Ct^ If ^' 7- >y T' 2 F*g<D^-b g :7 -tr <y 
hi:. 0 2tc^-r<i:3^SiJ^[HlSS*T-O|aIS§CD:t>'-fe<y 
hi:. kf >y r -y 7" 2 fcV U— tf ^^d"- F L 
D7b^e,©^B;&K07tT-$.?.j*)ti: LTO:t7-t-y h% 
^tr<D-e. Ji(D^2SlfiS0iJT'{ia§7iei: LTcD::t7-fe>y h 
{iiiJ^T-^^V^A\ •fiil(r)2 0©;ty-tr-y MiJlttf >y ^'T 
>y 7" 2 |p](c A^A^t) 5 -r^^ L TSiJ^-r ^ C i: # 
;g.o *^c. m7t{c*fLT;j-7-tr<y h*^+^i-;^#V>^fcr>y 

^T<y:/2T?ti, m<D2-z>(D:^y-ty h^miEtnis^ 

1 6 HfiS^iJt^irb^TpJS^MA^"^ < . •m&^iH±t 

[0 0 5 2] :^^{C. 0 4RtfE15^#MLT*^B^©|g 

smmm^mmr^o ^-r; i2i4fc^-rj:3fc^— *f~A 

'7-*^'S^-i)^^tCti±|g#^m{a#A~F. A + C- 
B-D (FE) . E-F (TE) (D . * 
fc. S (1) tc^-r.i:9tc h-^'y + V^^^'x^—fi^T E 
ax(DBai!( (bl-b2) x-e^i)i*^^^i:^^ (c 
i-c2) ^W-r§o ^*Js 0 5 (cs^-r J; 3 ti:^ (1) 

[0 0 5 3] ^LT. ^t-Ts MD (■r^VX^'l) ©MO 

m^x'^^ T o cM^^s^-r§«-&tc7:r- ;?7X3-r 

;^{^:«^^;g:^Jit^^v^«ftl^^!]WfiLKi:L. y-* 
/^7-x^O. 2 5mW (=A) icm^L. dcD^^ffiT 

h^-y4^>^'":t>'-b>y hZ 1 ^SiJ^LTieifr^o 

[0 0 5 4] 

[|gl5] E-F= (bl-b2) A+cl-c2 



= Z 1 (SiJ^ffi) 

[0 0 5 5] MOm^1:$)?.f^-^'ni^^S*'r 
S^-a-fCl^— x^O. 5mW (=B) (CKS 
L. <ICDt«;^l:-h^-y4^>^*:t7-fe>y h Z 2^j|iJ^LT 

[0 0 5 6] 

[^6] E-F= (bl-b2) B + cl-c2 
= Z2 (SiJ^ffi) 

bl-b2= (Z1-Z2) / (A-B) 
c l-c2 = (AZ2-BZ1) / (A-B) 

E-F= (bl-b2) x + cl— c2 

= (Z 1-Z 2) x/ (A-B) + (AZ2-BZ 1) 

/ (A-B) 

[0 0 5 7] t-r^CilA^T-^^o LfcA^-cjT. U-if 

/^y— x*^^M^?n§^-a-{cti. c:o±fBfifiz K Z2 

5c:i;A^Tt5o ^*3. <lco:t7-tr>y h^mS-r^tt-a- 
fctixJ-T'-b-y hmtmmimc^^^^ic. i^i6ROM i 

^-fi^TEi:|H]1ifi: 
[0 0 5 8] 

[^7] A=axsln tot+blx + cl 

B=axsin (wt+zr) +b2x + c2 
C = axsin a)t+b3x + c3 
D=axsin (cut+;r) +b4x + c4 
A + C- B — D=4axsln mt + (bl+b3-b2 
-b4) X + c 1 + c 3 - c 2 - c 4 
[0 0 5 9] ft^o ^hX. 9ft\ UD(DUOmMX 

x^O. 2 5mW (=A) icM^L. iKD^mxy*- 
:^X:ty-t'y h Z 1 ^aiJ^LTlH'li-r^o 
[0 0 6 0] 

[SSC8] A + C-B-D= (b 1 +b 3-b 2-b 4) 
A+c 1 +c 3-c 2-c 4 

= z 1 mmw) 

[00 6 1] :^{c. MO^Mt?fe5x-^fM^^S±-r 

?>«^{CU— <f/^7-x5:0. 5mW (=B) icm^ 
L. COt)c88T:7*-;)!jX;t7-fe'y h Z 2^S!l^LTfB 

[0 0 6 2] 

[^9] A + C-B-D= (b 1 + b 3-b 2-b 4) 

B+c l+c3-c2-c4 = Z2 (M&W) 
■coy 2 OOMilTa SS*^ 

bH-b3-b2-b4= (Z1-Z2)/(A-B) 
cl+c3-c2-c4= (AZ2-BZ1)/(A- 
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B) 

A + C-B-D= (b 1 +b 3-b 2-b 4) x + cl 

+ c 3 — c 2 — c 4 

= (Z1-Z2) x/CA-B) + (AZ2-BZ1) 
/ (A-B) 

[0 0 6 3] i:-r§Ci:A"5T-#5o Lfcti^-oX. 
/ly-xA^^M^n^^^tcti, CO±E{iZ K Z2 

^i3^:7■tr■y hffi*^"KPfflic^?>J;5{c. ^46R0M1 i 

[0 0 6 43 i^m^oymQ^mmi^-D^^^xmrnt 

U u-if/^7-*:^-7 (x = o) tcLs c:ot»c 
^-eh^.yr^>^:t:7-tr>y hZ 1 :&?Bij^LTiaii-r?.o 
[0 0 6 5] 

[^1 0] E-F = c 1-c 2 
= Z 1 (SiJ^ffi) 

[0 0 6 6] Mommx^^f-^w^Mn^t 

^il-^tCU— +f/^y— x^O. 5mW (=B) tCS^ 
L> CKD^^^-eh^-^/^^-^/^'^^-tr-y hZ 2^SiJ^LT 

[0 0 6 7] 

[^11] E-F= (bl-b2) B + cl-c2 

= z 2 mmm 

C © 2 •0(DmiLi3M^ti' ^ 

b 1-b 2= (Z 2-Z 1) /B 

c 1 - c 2 = Z 1 

E-F= (bl-b2) x + cl-c2 
= (Z 2-Z 1 ) x/B + Z 1 

[0 0 6 8] tr^cttf^v^^o l.rctf^r>X. U-1f 
/^y-xJb-s^B^nSil^tCfis eicD±iatfZ K Z2 

^^u-^^y (x = 0) {CL. C(Dmit?:7:^— *xz 
1 ^sij^LTtHli-rSo 

[0 0 6 9] 

[^12] A + C- B- D= cl+c3-c2-c4 
= Z 1 (SiJS«) 

[0 0 7 0] i^fc. Mommxh?>'r-^m^^w^-r 

^^-g-tcU— +fV^"7— x^O. 5mW (=B) (C^^ 
[0 07 1] 



[|g(13] A + C-B-D= (bl+b3-b2-b 
4) B+c 1 +c 3-c 2 — c 4 
= Z 2 (PJ^ffl) 
il CD 2 -ZKOMiL^m^f}^ 5) 
bl+b3-b2-b4= (Z1-Z2) /B 
c 1 +c 3-c 2 — c 4 = Z 1 

A+C-B-D=(bl+b3-b2-b4) x+cl 
+ c3 — c2 — c4 
= (Z 1 -Z 2) x/B + Z 1 
[0 0 7 2] i:-r§Ci;7b^T^5c Lfcti^-DX. U— 
^^'7-x*"!^S$ni>^^fi:«. iIO±iB{tlZ K Z2 

^m^t^<itic^^y^~tix:^y-^^y h^ff-wr-s 

:t7-tr-y h{I*^a*Pffl{C/5:;S<t^tC. ^j^ROMl Id 
{C»^iA*nTV^-i.x-y;KD:t7-fe-y hffl^tii;']^ 

•So 

[0 0 7 3] ±ia^l~ll9*j6tP-C«. 7*- 

;*)XX-7— W^FE (=A + C-B-D) . h^>y4^> 

ifoL^-m^TE (=E-F) ^^m-r^nticj^oy 

^—fjy^-^y-^^yhhV'yy^iy'^f^y-^y h^Plgb 
F E£DHn^fflV^Tt<j:<. ^/c. A + C, B+DO^B 
:t7-lr'y ^i6R0Ml 1 d fCg^jiSnXV^ 

LTfeJ:<, S/i. D/A^^§§3 5©<^ct:)t)tCPWM 

ffl^^ D c mmc^i^Lrbmss 3 2 f . 3 2 t icepap 

[0 0 7 4] Sfc. ^SRO'UgtD^iSfe^iJ-r-li:. U— 9" 
/^"7— x^OmW (^y) . 0. 2 5mW (TOCffl^ 

(Dn±m) . 0. smw {"f—^w^iDn^m:) i^m.^ 

L/C C t J; 0 M OM^OiagSl^cD 5 mW^tClS^ 
<Tt^:7-tr>y h*^PM-e#. iimSmW^HJLT^y' 
•b <y h liM-r S T^rS ■P'irNS^T'- L T L S d cfc 
5 ^^al^t =S: < . ®B#PTPJ^A'«IIT-r § P< U -y h t 

[0 0 7 5] 

i,cMitt^miRrf^2coy*-:^y.iiLmtm^j:^y^ 
—tiy^&mx:ty-iiyht>m^-^n^o:>r\ r^m(D^ 

y^'x.^-m^'py*-AX:r.^-m^^m^Ctti^X 
[0 0 7 6] *fc, *%igT'«. P—tl^^-r^-K*^?. 



(9) 



!|#f?a¥7-2 3 5 0 7 2 



[0 0 7 7] Sfc. *fg^-e{±. '>^< i^t Z-rxDlx-^ 



[0 1 ] if^m<o:ty'^^y vmm.Mtmm^u.rcMT) 

[0 2] H 1 tDT^'J 7'>'7">&^-r:^p-y ^0"Z?^^o 
[03] y*-;*jX«jjSti:,R*|-7fe«®9m^^-rSiB>g0 

-riJis^0-r'$>?.. 

[0 5] l^am^tc-tett^^^at^W-^fbtcJ;?.^ 

1 -ri-X^ 

2 ^tf>y^r>y:/ 

9 f^)Tyy m.m ' mm^m 
11 v-r3>' (s<JtB)#ia) 

31A~31F. 33F, 33T 

3 2 F . 3 2 T mWM 



[02] 



11a 




(10) 



#FJ¥7-2 3 5 0 7 2 



[01] 



9 



5^ 
< 
■ 

Ik 



1 



\ 








B 


\ 










\ 






t= 








1 


4—1 






|^ 


a 


1 






< 





V 



A 

n 



Til 



ft* : ^ 



\ 




(11) 



#gfW7 -2 3 5 0 7 2 



[03] 



CBI4] 



c — ^ 



i+C 

B 

D 



2. ZiZ. 



Ar 













— ^ ^ 







r 






-* 
J 

9 

1 






— "LowMr O.i 








200 [lA] 



[H5] 



HBO*:/* 




I/- if ^117- 



i^mmiE 1 ] 

imiEMMS^l 0 0 3 4 

[0 0 3 4] mys. T^VX^A^'W^^-^lCfi. 

Jlv^teStcSSi; LT K^^-7'Sff^ -<j-->-n'[Bigs 1 otc 



3 fc^-r J: d 1 O t?- ^ § ^ X ^ 

/km (DAI) ^iei«L. i^V^T-mzOlf-^-e^&^S 

CCD^tb^OD/AflS (DA 2) ^WHtg-rSo 

mmmE 2 ] 

C?iiE*f*^ai&] 00 3 6 



(12) 



1fP7B¥7-2 3 5 0 7 2 



[0 0 3 6] ^{c. :$imm<Dm2~m5mmmic^^f^ 
^m\^^'&micm^tLx F^-Yywffi^srz^iHMj-o 

d ©^tHNf <7) D / A ^^gg 3 5 0«JE D A 2 ^ISIt-r 
[#iKffliE3] 

[tfIE*t*^g^] 0 0 4 5 



CO 0 4 53 ^LT, .-Kiagsi 0 {Cl^igj?nfeiaa^ 

L^F^-f'/^cDD/AS^g|Tii:^4^(D«Sft^0. 2 
0. 4 0. 6 0. 8 0. 1 0 0. 1 2 0. 1 4 0. 1 6 

0. 1 8 0mA(Di oi}^mxiiitiL. ^ti^ticommm 

®teHT'M;^tf OmATA. B. C. D. E. F. T 
E. F E^&if^Ml^^F^cDrF'TA/D^SlL. Al. B 

1. CI. Dl. El. Fl. TEl. FEl^l^^n 
•y^i:LTR AMtClBISL. :^{C2 OmA^CL. I^^tc 
A2. B2. C 2. D2. E2. F2. TE2. FE2 
^2-7a-y ^i; LTR AMtciBltL. dtl^^OBLT 

1 8 0 m A s T-iait L. o cofBitfi J; 0 ^n^~n©:/n 

•yi'CDttj;^,-.?, A. B. C. D. E. F <D:^TcOffi*'5«/h 
t^Syn^y^ lO^tblgUTttWL. tin^A. B. 
C. D. E. F. TE. F EcOgWO^:7-fe<y hi:-r 
§c CcD^n^ntDA. B. C. D. E. F. TE. F 



